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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve heat stability of 
the bits which are written, to reduce medium noise, and, 
therethrough, to enable highly reliable recording of high 
density by providing at least an exchange layer structure 
and a magnetic layer disposed thereon and composing 
the exchange layer structure of a ferromagnetic layer a* 
and a non-magnetic binding layer which is disposed upon 7 ' 
the ferromagnetic layer and under the magnetic layer. 
SOLUTION: The ferromagnetic layer 7 and the non- 
magnetic binding layer 8 constitute the exchange layer 
structure. Thereupon, the magnetic layer 9 is laminated. 
In addition, a non-magnetic substrate 1 , a first seed 
layer 2, an NiP layer 3, a second seed layer 4, a 
substrate layer 5, a non-magnetic intermediate layer 6, a 
protective layer 10 and a lubricating layer 1 1 are 
laminated in the order of sign. The ferromagnetic layer 7 
is composed of Co, Ni, Fe, Co-alloy, Ni-alloy and Fe- 
alloy, etc., the non-magnetic layer 8 is composed of Ru, 
Rh f Ir, Ru-alloy, Rh-alloy and Ir— alloy, etc., and the 
magnetic layer 9 is composed of Co or Co-alloy, etc., which includes CoCrTa, CoCrPt, CoCrPt- 
M. 
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[0043] «tftiaifisaa)*l6Jfi«li4. BftEflMKtt 
1 6(=tt*4<fe«. «-^miS^K{*l 6 14. Bi&tfB 
2<h^fztft^Lfc. ±BttfcE*K{ta*lltlk«3ltt 

*2jMk«<B*«**rr*. ^j^. ttftiBflUK(ti 6 cd 

»{43ttl=B6££*ir. Itfc-Cti. 2ftXI*4 802l±-C 
[00 4 4] «miBlt^McDS*1tiSI4. B7&tfB8 

[0 0 4 5] *l=. «ftma>E«:«1«ttft. S»H«5S 
***fti^flE*a>«*E««#fca>it«-eiiw-r*. h 

[0 0 4 6] B9(4. #7^±©N i A I fOllCCo 
C r P t B*&tt«J|ft<1 JI»«**tfc«ftEI»a*a> 

BrtK^bftias^-rB-efc-So ^B4>. ««i4«^m 

(emu/c c) . 8tWl4«SH (O e) £tr-T 0 I^B 
|Z^-rM-Ha^^^«l(DM-Hffl^l4. N i Ptftfli 
^F^fcA I ^ffi§6U^I4^f ; 7X^ffi-hOC r T^J§CD±[" 

[0 0 4 7] B1 OI4. N i P3MMi*Jh,fcA I 

-Mg^ffiJilZ. g»^0.8nm(DRuIf»«*l 
fcCoCrPt B^t>ft-S>2 0(7)5ifiattJl^/^^^ U 
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SB*. »8ll*«<bM (emu/cc) % flttAI* 

ish coe) hb*&**>***?i^ mit 

MI*&^H**H = 5 0 OOeO>j5.y2l-X:MMiZ^pL. & 
1 O O 0 O e <DX&e^«J^(&?f^£^ LTl^o H = 

[0 0 4 8] Ru(DM&|gJ¥Il 

t>-T. X If >X$ >K$(spin stan 
d method) l^oTt&SSJt&o <£®gT?0> 

«*«*r*. Mrfi4sa<DttSSfc*ig*to 

T% Mr 6M* C o C r Pt &M. ftttJf«i£<7)& 
{Stt/KDggflHbM r <t^&fcMJ?tf(&^£^-ro 20 
©CoCrPt BfO)IIS-^lCft^*^bRuIfl) 

i:c5T?iTt^ Rumommmm*. m&mmmo) 

5 0^JUJ:(BfiJB-CJjEK**l5C o C r P t Sa&tf)i§ 

£\ r umommtffoo. *~ i . o nmommto-zfoz 

[0049] 01 111 N i PtfmifiZtltzA I IfefiJ: 
(Z. RuIt^8$*lfcCoC r P t B^b^^2O0) 

Rlf, ««ll*«<bM (emu/cc) . 
««l(*«J?LH (Oe) ■■!*, »fifw55lx*<D 

$1 (^C o C r P t BI(DII*<8 nmtfcy, Rug 
0>RJVA<O. 8 nmttU* S&fr b 51 1^0)^2 <7)C 
o C r P t Bjf <DRJS*«2 0 n mT?*£i§^£^-ro 
[0 0 5 0] CI<D«^ *l*ft«#TM*JR¥fT*&**HI 

hAaMUiw*ttyx<ttiMBy. m 

r P t BJBO)«ft35«*I=S6*WlCBi:*iat?fc«fcd«>* 
»(C^^3&^«^3b<#&*t-5o HfcoT, I1(DCoC 

r P t BJt<7>««K2]H c$*d>Sl±*«&K*<fcy. Z*L 
CliSlOCoCr Pt BiOIfO^>XliftI*H 

r p t xa*ma**« ft*i*aftc r £*rs;&tf/x 
i*p t*******c*T*OTMrcfc4. 

[005 1] 01211 Ni Pjb^fiiStlfcA I gffiJl 
\Z % ffiR^Co CrPt BIA<R uHTr#&£*lfc3 0 
©CoC r P t BSfettttH^Klt&«Lf=SftlSftfKf*a> 

®WMi8$^t@t'fe^o E0+* IMttlftM 

(emu/cc) . 8mi«B#H (Oe) $^1*p f^0 
I*. SffilZjSl^omi &MK2 0C o C r P t BjfCD 
RJ¥*<£*6 nmt'fcy, -f±(Dl3 0Co CrPt 
BMI^2 0nmtfey, $lWS20CoCr 
P t BJIftHOR uiS^2&i;f 3 0C o C r P t 
BmOffiOR um<DmB&*L*0. 8 nmtfc^$ 
^"To C<D«^ BMbMI4«#H*<H = 5 0 0<Dififfl-C 
iiTL, mi 30)CoC r P t BmO>l^-r^A^at 



(4. a*OS2 fl)C o C r P t Blffc§^ttA<il 
l* 0 C^lll 1*0)1 20)CoCr PtBl^, 2O0 

T\ ■ HMHSfEJBI** g + <&m2(7>C o C r P t BilCD 
SS*HcJ:y5000ell^ <bC^^ 1£l*ftfltJl 

"CI*. -§T0)S1 ©CoCrPt &mi)Wit&u&m 

ttU OOOOefll -#±0$3(DCoC t 

P t Bjf <D«fb0^Jb<£R**lTUftl\, L < 14. 
-f TOS 1 o C t P t BKDIMKI1 t*^h 

tti*^^i4— tT0)Si ©cocrPt Bmomm&v 

/XI*«**Ji«l=a«!-r*CA:T»*«"C** 0 COcfc 

3ft3O0oiiattji«#-r««ittefttt«i*. ^se^ 

«#(*. ftra^^iza«<H«^b«s*¥fi : *>P)«fcys 

ttftG««l«a)gafl:ttlK{*A«»«i*# (snr) si 
so/Nmlt g^Sfta^ffiSftSo ttoT. Mi 

«(*SNRS i s o/Nmt&mti:Mmz&&\iy h 
X^-U— h (BERilf^hSy*) (*. iST-T^C 
&l*ftL\, 

[OO52]013I1 NiAl A^flT**tfc#^X* 
ffi-tlc. R ujf -e#8f£*L*:C o C r P t Bfr&tt*2 

■rt«fctt«*3F-rH-cfc* 0 i^b+. ««i*a^bM 

(emu/cc) „ «|ttl*fl|j1LH (Oe) C<7) 
SffilZ&l^DCoC r P t BH0>a4bI*. 

[0053] @1 4I1 NiAl *lti?*lfc*7X* 
fiJid. lEiHftOSatC o C r P t B^&4 *# 
-<Da«14H^Slt^4ifc«SE««i*a)®WWbft« 

aftiae«if*(Z)®rt«^ba«i:JtRL-c^-r0-e&^ o 

■ 14+, ««U40HbM (emu/cc) % ««!*■* 
H (Oe) £^1% 01 3t::3K?SMiB{bttf&l49gfi'C 

^ Lv m-o!)5aiatts**-r-5aftESj«{*a)®rt«^b 
ttttttttja-c^-r. 01 4t?r*. m%.tzmizM&?z>M 

-Hfl«»»0)««ttS*-rfcAf=. fia*1bl*jE*Hb 
[0 0 5 4] K35<2O0>ai«ttBSWr*«SllB« 

&{*tf>-«P£S&*a*i*&i:. 2oaBBttfla>BHbi*£ 
TflaBBttM<DB4b*<&IEU hrtflOtt 

i5Ei*m-a>»«ttH*^-r^«ftf2e«i(*<Da^is« 

lw&£o g— K"»9 Kl*«H»tt«fc*-fc>x-r«f£it 
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[0 0 5 5] B1 51*. 2 0(D«Itti&tf 3-00>&m 
Ltfvfit*ft-&c HB*. Kit I* 2 O 7 k f c i \£v 

hvon^m^om^xM (dB) . «wi*Bsra (s) 

£3*-*% BBI-fcL^T* OfflttJBff^l Onm(DM 
C o C r P t Bl«*1"*IKB»*»©T->, 

0 n rr\OT%<0^ 1 <&CoC r P t BH£. 
H^0.8nmORuit, KJ?**4 n ma>±UO% 
2<DC o C r P t Bjf fr£>S£«mfa^®(*<D J r— 
□ HlttBIJPA^I 0 nm(Z)T{10>^1 <&C o C r P t Bl 
II^O. 8 nm(D$1 0Ruft, BU¥#4 nm 
0)S*(DI2(DC oCrPtBit, KV^O. 8 nm 
0$2(DRuii:, HAUnm(D±la)i3(0CoC 
r P t Bmfr*tZ&&^&&&<»T-*&**tto 

txra9SLfc««*Hci**^^«t»fcy»2 7 OOO 

et«, Bl 5* 6 4****91-* 2-30«W8tt» 
Atf 3 O0>5l«ltt» 

[0 0 5 6] Hi 6 1*. 2 0<Z>^IB^£*Vfc:3£&teJI£ 

T*"THt?*«. 08*. KUlttSHbM (emu/c 
c) . «ttil*8i#H (Oe) *»U ^r-$l*3 0CDfl 
tt-SaflEO-C. 2 5 t C&t/7 5°ClCO^T^-r o 
fi-&^|£l^ffittHI-3hfcoTSS!l**t. x-f 

-£;h* d <h#5£^£*if::o 
[0057] Bl 7 1*. Bl 6f::^:-r4#te**'*"*tt* 

+. Klftli««^Hc (Oe) . «|W*»£S*tfciM[ 
(°C) ^^-To X. y =-1 5.4 7 x + 4 0 1 9. 7fc 
*«9U=£l*T* y=Hc f x=SSt-fcl>o Sgl^ 
■f*«B*a>aMb-C**d H c/d Tl*. dHc/dT = 
1 5. 50e/°CT*fcy. *-<DM«ttJft*-r*iBtftE 

««{*o>*ft*y*«i\» *-a>3i«ttJi**-r*«* 

Eft«*Oft*»»dHc/dT(ltt1 6-1 70e/°C 

H c/d T«tt, 
[0 0 5 8] HI 81*. 2O0>a«ttJB&tf 3-30>3l«t 

tt»**-r ***E«a*i=fcit* pw5 ofli<z>3S«ti4 
■flo*»atfiMi*ts#tt*. *-©*««■***-* 
B*E««{*i-a3i+* pws o«a>Jtt8ttBfl>*a!*tf 
HK»tt#tt£H;«LT^-rn-C»«. BH*. KWI* 

pws o® (n s) . «i^BmtBa>*»*i«M» 



HI 5 0^-*S5fcttfc»*£Bi:-T*fc*. Hi 8T? 

<DB»*LTfi!l*fc»*. KTfT«3tl=**«ft 
ffi&£&£L*:i§'&<B J r-$£^"o dftkO^— ** 
S, **>*** 9 *ftya*Htt**««**u ±ES 
ffitfjELl*cfctffltB**tfc. 1 XiilSSfe 

-*i*. #-a>ai«ttii**-r*«*E««w*© j r-* 

[0 0 5 9] ftots K»*«!>»lPC=ff^»#a»*« 

«**i**&T?fcy* #-©si«ttii**"r*«ftE» 

«MWzM:«LT*«S*lfcaA«JH*S N R S i so/ 
Nm^btlSCt^bt, Z*L*»*H"Cl**. 20 

-r**ftE««t(*©atts:ajati*sNRs » o S /Nm 

l±. *-0>3JBttJI**-r*«ftE»tIfti:Jt«l-"C« 
|3*«**lTl**. C0>*3*#*U:«l*M r 5 fill*. 

2oo>»«ttH^ift^CM r 5tt**r*»ft^*a^ 
#*„ 3o©««isft**tfc5*aitiift*-r*«* 
E«jflt(*o>afti=i** T<ma>mi o&m&mommtn 

*<DB2<&3*«ttBttKff<B*n*^ _tii!ia)m3a)5tatt 

■<DBJ*fc**y**>&ftW"*'i** i#tt*<»-fii±**t 
£ 0 ca*9«9iftis» ^02iffi®t^e-5B 

[0 0 6 0] HI 91*. Ii^!H*SNRS i s o/N 

ma>*»BI»«#1t*«-rB-e**. Kttliffl 

i$S(*SNRS i s o/Nm(^ttAS i s o/Nm 
(dB) . «»l*3*«ttBa>*»«* (nm) S^-To 
X. BBIcfet^T. ♦EP. HHiStfAWtt. 8 
CD*i^ t Htttt 3 jg£l0>&SE§lJ&(*0> ^r— £ $^-fo 
HI 9**4****91^ ftt^M r <5fit£=frf *20 

£ JtfcBBttJl* & * *««E»«(t 
|Z. Wlra»ftffllitaa«SNRS I so/Nm#WM 

■^6a*««iE»a(*a)*** y** < 

[006 1] *ISBJ1#£I*. «1±Jf«^I^^ , > 5 S:<^t 
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M&2. 3 a t%Jsl±roC rttiftltC r^*r**< 
£<. ±lll(0a«SI©c r gtltf 'J^SUS^I;, & 

rof&ifi*. y ^xt#tor±<i0>Ji#>&<Dt,<©i-isy. 

S N R - tangfigi: 

[0 0 6 2] *5SEIcfcS«SOESi&tt<Dm3HD&0!i 

[0063] o*y. m3HJ6«T-tt. ttSaEStsu* 

14. »fi<Z>Ji75lzi8(f &*ifcTifeJf TifeJf 

±ic§si+b^ tmsmittrnmomM r s 

t>;h.Se«<bi:llJ?<DgM r j 5 j £*-r*>±G!l3£«tt 

5B«1±Jf(0«<b;frft;mS i MT.!:'tE-5<fc?lc. «14Jf 
&j£<D*£8®8Hb£llJ?<Bli£M r fi ir-T-Si:, M r <S 
= I CM r i (5 i -M r j (5 j ) £5SJ£-r&8tJ$i:'So 
Tl*&. 6\ <5j, 6-jl4. ^^^SS'SllJPi: 

[0 0 6 4] mm.&&t&m*. s¥^<caEmfflsffffl^ 
^±*i**fcftf-. firE«14Jl<Silrt<z>BHit-&saM4 

S*|0. 4~1 . 0 r\rr\0>mWtt-?Z>ftf$.t LTt&U\, 
X. C<DgM8ffif££Jf 14. Ru, Rh, I r , C u , C 

rs.isziif,a)^^ti 9t\,- c. mm. * *ifc»» 

[O 0 6 5] flMKfBftttE{*l=«l*-C» ItTEBttJMI&l'l 
<©#3t«teHI4* Co, Fe, Ni, CoCrTa, C 
oCrPt, CoCr Pt-MA»b'EEl>^l'-^bi 
«S;h.fc*f8j&*&fcy. M=B, Cu, Mo, Nb, T 
a, watfC*lb©#tt'Jb-3ttgU. X. filE«14 
■•»«»*4<it.l -MMttltt. SIMzttttL 

r fe y a«tt«^**vf=aa©^«i4jaA^ 6 «t*«*-c 
fcottfii^ frEiBi£JSfftiina>-tffli&&ttJB«>M r 

i 5 j Ml*. MMMt£Aatt«>9MM£JI«>afftt<b£ 
DU*a>KJ:U**l*ttlg&LTtAl.t. W=. lirEJKtt 
flftSMroiftttttlll*. SlM=JI««IBJft«4rrftflt/jK 

[0066] m%u^mwa>^3mmmiz^JMt. mm 

OTM r «ffi**-r*t*l=*-05«ttSX(4B5¥fT<P« 

^»sss«aat;aiifl:a»«:sNRs i so/Nm£ 



|f&Ci:j!><T?£&<, X. BftE8ftft0>ft3iraffH::J: 

*<S<t. J:y'l^$PW5 0l^CtA«f#*. 

[00 6 7] »=. «mffiiti(£#<03S3Hi£<HI=J:;h. 
14. ^«OM r *tt£4r*-«fcftl=J|L-0!>8ttJIXIiB 
¥frfclHb«>«aroaM4Jf j£r> 6 & SttftEttttf* i: tb^ 
&<t. <h£&d H c/d Tm$&Z>ZtA<X'£Z><, 

[0 0 6 8] X. 131 6M@1 7 \Z7fi-?to2T— 

14. $5-1 O-l 5 01C(©Effl!cfc^T+»^<. 5. 

[0 0 6 9] **WI=<C*IBS*a©-|ll6«* 
RWT*. E«^a©*Sllfi«-ei4. ±E«JRE1fSS 

[00 7 0] JU*Wlrl4. «a*«ft»l=«ftE«ffl£t*: 
l=Eft*-«Eft«&«>*5glMlfi. -hE»MESJS*<0 

*3Siit«©j:^i=. ttfiLEaffiff<oattjR«fi$flifie 
■rztmz^ mityjtintf&.¥?TX'SiZ>&8.o)&m&m<» 

«Xfv?S*tJ. E&^a©*Sllfi«(=<fc^i«. tt* 
S hfcUSStt $ USBSE^^ft 3 c £ A<T- # «. 
[oo 7 1 ] 3fcl= s *Kfll=tt«aSEftiKitWra& 

[0 0 7 2] ±EttfiESJ«#©lvr*t*«>3!iS0!l£S 
<t 5 MlvMMtllMt «D-lcj£Sf •& - £ *tM£ L 
[0 0 7 3] i^t-. &&E&ft{*G>ai&:&£a>*§g% 

«-ei4. KSEe«t«:s««-r*«-jgsa«iMi=»« 

X. aglX/W* 'J>y$Il^Cii:j:y. Kffi-TS 
H Palt- (DJSffe * S/M6 l^ffll -5 C t A<T- # -5 „ 
[0 0 7 4] >J>y$ffltNfcJg^t?t,. «1 n 

i*<HILLV **M#t>roHll$SSlc«fcSi:. Z<7)J;5 

£**i=»i*ji©*&-fcj***fi«E-r*i=i*. 

[0 0 7 5] X. 'J >^0**XEA<^-r^-& 

x-7i=«fcysiH©jatfi3&^JS-i=;'EE-3ru*5. 
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I*. SKjSmTo r r \Zf$Lf£?Z> w t Ll^ t 

[0 0 7 6] S(C 'J V^OR&CD&fi^&tfi 

<Dmmmmz±z>t. x/^v* y v^BiK&^fis&i*. 

&1 0 0-3 0 0^CD©Srt^lS^-r^-<t^^Ll> 
[00 7 7] ® 2 O I* . &^Eft«ttK£:*&0*l£S£ 

1 AlMftROX/'*?*' 'J^fV>A5 2-1 -52- 
"T^o t» * U >y f ^ 5 2 - n li, P — 

I*. RW<DffiS-t* n = 9fl)«*SRMt4. 
[0 0 7 8] 5fc-T. SSten-^-r >^/T>p~^>r 
>^gl5 0l;n-K*^ tfc*im^v>/<5 1 lzfci> 

X^7^J>?f^>^52-1 -5 2-9i-«fcya« 
D CX^'V £ 'J >4WfT*>*U »*-hl= 4 O n 

m<0N i A I HWtf 2 0 nm0C rMoTM 81 
Jl*<1 . 5 nmCDCoC r 4»IMK RJ»**4 nmOCo 
C r P t B&flfcttJf . m&tfO. 8 nmO)Ru^I1lg 

M»^4 nm(DCoC r P t BttHfi 
0.8nmORu*Itt«§l, CoCrPtBlttl 

[007 9] X/^*U>yf^>^5 2-1^5 2- 
9ft<D±fXBEI*. ftSmTo r r U:RSS*t5. X. X 
'J >^*>/<5 2-5. 5 2-7lZj3lt*X/< 
ij >^fJSgEI*. &0. 3 5 nm/s ISLT£» HMD* 

l*B2 0|ZX/<^* »J >^^-V>/^5 2-5. 52-7 

-yv h^RRoRR******^***** 
[ooso] H2ii*. autata*a)3ff«i«ttJiK*« 
PP ) . ««n*«tt»<D*«iBiJ¥ (nm) **r. mm 

«»<DKR«ttR*0#tt*<«B*ftfc. 
[00 8 1] 02 2 I*. JSR»SNRa>fi*tt#14S* 



■TH-e**. *&8il*SJ^&SNR (dB),« 

«u*x/<^* u >^i»o!)»*aa (°c) i^0* x 

&*fc**«fc3U:. L < l*«1 0 0-3 

[0082] ®2 3i*. aiftaai*sNRi:x/<^* y 

>«StO)||ff$TvtBI-CJ&4. KB*. 
&Jg(*SNRS i s o/Nm (d B, ffittfl) . Stttl* 

x/<^*y>yas (nm/s) s^-To rbi^-t^ 

4nmfl)Rui«^U RuI±CCC 
[0 0 8 3] 0 2 3^. RfiRttttSNRS i s o/N 

f*sNRic»-r*«»ffl-ea**ir^*. rh**&**> 
^-s^cfc^i^. r u(dx/W* y :/yasawt»rt"*i- 

OttT. B&£ifc86{*SNRS i so/NmA<i5Tt4o 

■C(*jE«|C»***t«:t^t*^-r. 02 3T?I*. 
Ru(DX/<7> 'J >?Rft*<0. 3 5nm/scfcya< 
B13:>&$H*SNRS i s o/Nm**. RuiS 

tuzcty. ±eo*p< ai^tto>«SwE«j«»*«3S-r 

^|Z|*. R u©X^y$ 'J >^i8£l*. 0. 3 5nm/ 
s KIT <!: -T £ C t * L C t A^itB ^ *tfc e 

[0084] i^-t. **W*Sll6«l3J:yRWLfc3&«. 
**WI*±E*K«lwRg**L*t(D'CI*«:<. il*<7> 
*»atf*a^RTftt?*5Ci:l*. f9*tt&l^ 

[0 0 8 5] *^^l*. &TiZttft?&mBA£&&^? 

[0 0 8 6] CftED ^<«!:tlo0Sftiajg 
t. KSMia±l=»»t &*ifclttii: «t^, RX 
ftH«JSl*. RRttJIfc. «S»tti±t, So. RR 
ttRTI=Rltfe*ifc*«tttt«Rt*^&<i:*. RftER 

[0 0 8 7] «E2) KrERRttRAtfTOERttR 
ttSlMcaMb^fil^JRVfT-e**. WED IBKDI 
ftEKJKfto 

[0 0 8 8] WE3) ItlE^^I*. Co. N 
i . F e . N i F e 3Rft*. St^C o C r T 

a. CoCrPt. CoCrPt - M£^tTC ol^t 

B. Mo. Nb. Ta. W. C u XlZ^tl ^(Dn&X'fo 
-5. WED XI* WE 2) EttaRftEflUBft. 

[0089] WE4) fltFE3£&ttJ!l*. 2-1 0 n 
mOBHrt-eR3ES*tfcRIIE**r*. WED- 

WE 3) (Dl^-ftifrl aER0>«»E»«(*. 

[0 0 9 0] (ME 5) «TESM8tttt*Jll** Ru. 
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Rh. I r. Ru$§i, Rh$^. Rlf I r 
A^fc3^U-^A^3gft*;h.f=##j6*bfcS. (#15 

i) ~ («E4) ffli»fh*i Sffieoatais^ft. 
[009 1] wise) flrl53Etti4$S£Bi*. O. 4 
~i. o nmG>mmn-Q&&2*itzmis.$ : tfrz>. (# 

121) ~ (#15 5) roivfft** 1 «l5SO«SlSB@iJ8 

[0092] (ttiE7) iiri5«i±Bi*. co. ai;c 

o C r T a. CoCrPt, CoCrPt - M£^t;C 

y. M = B, Mo. Nb, Ta. W. CuXliCtlbO) 
(#151) ~ (#156) Otx-T^1^l5 

BOBASSBBf*. 
[0 0 9 3] (#158) a&fi<B-t2fl-18lf 
*ftfcT«iB4:£jEfcffii;L. BiTl53Em^«Jgl*. aT* 

B<D-t^KHlT£>*tT^.S. (#151) ~ (#157) 0> 

[0094] (#159) m%zT&mttn&&igimmm 

*F.i]Bli. CoCr- M*6*<6?Vu— :7*&S«?S:h. 
tz h c p «|Jt<D^^ & y . 1 ~ 5 n mO)SSHt?SS 
£*lfcHJ¥£3il,. M = B. Mo. Nb. Ta. WXIi 
w*l&aftft-efe«. (#158) f5S«)»ai5^fiEtt:„ 
[0095] (#151 O) Birf5StEtBlrl5Tifegi:a) 

iaicKit&;itfcN i pB£jei-{|x. men i pbi*^ 
^x^v«aaxtt»4b«i3a*ifi**i-ct>*. (#i5a) 

Xli (#159) l5«CDffiai5StJe«:. 

[0096] (#1511) liirl5TtfeBI*. N i A I & 
tfFeA I ^&7SS-if;U-^e,S«*4xfcB2«Jg^ 
*-T«M»6ft«. (#15 8) ~ (#151 0) ©t\f 
*i* 1 SIHSO«mi5ii!««:. 

[0 0 9 7] (#1512) ttlBl <©SE«H« 

SSI 0SlMM&&1teBttB£a>Ml::KI*& 
*tfcm2a>3e&B8ljt£:£Bx. a$ 2 «>£&Bft3i0 
^BttBOttftJI^ttttSEm 1 a>3S«S«»«>««ttB 
roamS75ttJ:y^<. K»1 a«IB2«)S«Ji«Jt«> 
5t«ttSI4StN|=«ft*fil*«S^fT-ea5«. (#151) 

~ (#151 i ) eivftuM BBBaaftEftit*. 

[0 0 9 8] (#1513) '>£< itf 1 0>£«Btt 
ttfti 0£lftB*&&Weat1£B&0!>ni=ttlt& 
ftfe*2a>£ttBft&£:£«;u a$2a>£&BB2Ia> 
a«ttB«>»B«Hbi:lgB4:©»l*agn ©X&BBB 
»a«14B©»BB<b4:RB£a>«J:y'J*S<. tt« i 
&VSg 2 <D£BRftfiOBBttBliELM=B4b;*ffl«t£ 
¥ST-a6*. (#151 ) - (#151 2) Oivfjifri « 
IBSOBXEBlKtt. 

(#151 4) KttJft. 11 CD£«Bifit£:. ^1 
<B3e&B«it <k ttttttJI t fl>IBJI=S#6*vfcSB 2 0>3E« 
BBS**®*.. &22<a£&Jlttig<Z>&«1£J§a>ttm 
B*tti*ami (D£»s«i&ro!i«ttBa>«ag3Mt.fc 



y»<. ami ai;m2<o3ESM«jg«)?s«ttBi*s^ 

lcBMb;£|S]j!><£¥*TT-fcS. ttSGftMtf*. 
[0099] (#1515) (#151 ) ~ (#151 4) 
©IvTfi* 1 «S5ttO>«ttI5B«tt*'>* <it1of 

[0100] (#1516) a«ffi©±*lr|6 
ltC*tfcTiftBi:. aT%H±l=^ltP.^Ji®Wb«tM 
B0!>*Mr i <S i £4r*-«T«aiSttft£u iTi^H 

*-r « Ji«9ftttttJB 4: < i*B€r«teB«Bi:* 
ISA. a«ttB«Bft<D««*SB«teS<©«fl:*6l*< 
BSS¥frA:iS:S«fc5l=. a«teBBB©8»B«'(b4:ffi 
9(QS$M r <S -j- Si:. Mri=E (Mr j { j-M 

r j 6 j ) SiSS-TS. BftCftltft:. 

[0101] (#15 1 7 ) £ WrOttJMlSttB £38 

**i±«>fctoi-. «reflittJi«»na>iRtt-r«3ftaittji 

©MI=Slt&tlf=*«tte#IB*HI=ffijlt=. (#151 
6) !5©CD«m!5§i!®f*. 

[0 10 2] (#1518) US5#«tt*S^BI*. US 
WIZR ufribfcyftO. 4~1 . 0 nm©IISft5. 

(#151 7) 15Sa>«mi5it&<*o 

[0 10 3] (#1519) MBIMBttfteJII*. R 
u, Rh, I r, Cu, C r &Zf Z.tlZ>0> tl 7 

JU— ?*6Stt£*i.fe**Mt6tt6. (#151 7) 85tt 
0B$t85&J£tt. 

[0104] (#15 2 0 ) 1MBBttft«t&|«)0#3IB 
ttBte. Co, Fe, Ni, CoCrTa, CoCrP 
t, C o C r P t -MA^§4^-^bitt*ilfc 
*M4fr&fty. M=B, Cu, Mo, Nb, Ta, WJ 
^C4xt.©^T?&-S. (#151 6) ~ (#151 9) ro 
Hftifr 1 BEBOBSettlKtt. 

[0105] (#1521) tis&m&mm&too>'j>&< 

til o<D3£«t*BI*. SlM=«MLrfiUiftSttttt* 

3*vco«£Be!>Btti£Bfr&4:«. (#ei 6) ~ 

(#152 0) 1 JSEiJ©»tiEilJ«<*. 

[0 10 6] (#152 2) SilEffit£B«itrtroBirE-b 

iaiti<DM r j 6 j {ii*. aBttBBitrtoteosi 
«ttB©BBHHbiKJS<D««fcy*#l\ (#8516) 
~ (#152 1 ) onvftuiM £EBa>tt£GB£tt. 
[O10 7] (#152 3) mBBttB«ISn0>3IBtt 
BI4. S^CJI§5ia^tt5> (#151 6) ~ (# 

152 2 ) wrti* 1 BEttaBKEBiKft. 

[O10 8] (#152 4) (#151 6) - (#152 
3) eivftifrl BE«©BitEa«f*£'>36:<i:*.l 
Offijlfc. BBGttttB. 

[ o i o 9 ] (#15 2 5 ) mm$:m%mzms.ttmt& 

ttl=fi5ft-t*iee*SsT?*oT. ttBBIBflMtMiOflltt 
BB££B/£-f »t;frBjWEWCfc*«* 
(DSHlteBcD?*.. d>£< i oco^attBroiHb* 
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[0110] (#E2 e) T&mtm&mm 

S®fl^(b<t^»<D?g£M r 5 M r <5==I (M 

r i 6 s -M r j (5 j ) £X£r SttttttJBfltfiSJPJiE 

[oiii] (f*E2 7) u:/ya>«ric*« 

0 0^3 o o«t3iz»«ia-r**3a>x-T^^ 

So 

(ttE 2 8 ) StrE§l 2 (OXf ^ ^1*. IttEfiBttJItttift 
ajK-C»*-r*. (WE2 6) Xli (f*E2 7) 1BS0) 
[0 112] 

««rrx.«BftEflUK*. mmEIISS. Ett»ttJttf 

«KE««(*a>«jt*at*aT?**. 

[Hi ] MHlcttSBftEftftftaBi S?ffi«ia)SSB 
£;F^~»r®0-efc£o 

[■2] «Xnic«:«SftEMflll*a)ft2Xltfla>S« 
£^"3"RfriI]0T?fc£o 

[B3] S i Onm0|-O 
C o P t JB0>ffiAttfttttt£ *rHT»ft«. 

[04] H^O. 8 nm0RuI-e»lSI$tLfc2Ofl) 

C o P t Mco®rtffltm#tt*^-riaT**^o 

[B5]«Itf1. 4nmORulT^)!l^/:2O0 
[B6] BI^O. 8nm0)Rult^ll^fc2O(D 

c o c r p t Ji<D®i*i^^#tt^^-r@-efe^o 
[07] *9£^lZ3S:^«StEttS«a>-|IJfi«3<Z>S«US 

[as] BftEiiss0>-xttflaKtt*»r i PiEHB-c 

ft So 

[09] #7X±(DN i A I JKDJtClC o C r P t 

1 JB»***ifc«ftE»a(*a>Brt«ft«* 
[010] n i p*^fl3*ttf=A i -Mgimc, n 

Hrt<0. 8 nrnOR u Jf "T?#lli£jh,t::C o C r P t Bfr 



[H1 1] NiP^^fcAtSS±l:, Rulf 
^tlfcCoC r P t Brt*&ft4 2O0>3aBttJB*«S 

rt6*tfc«*E»«n*a>BBrt«fta«*w'rH-cft*. 

[012] N « PA<ftflr**tfcA I *«±ic. «R5C 

0 C r P t Bjf *<R uM-e»K*tttc3 0C7)C o C r P 

^^■r0"efc^ e 

[013] N i A I *B***lfeJl7XjtS±l:, Ru 
JH?#JllS*lfcC o C r P t B^bft^2 00tjg^$ 

[01 4] N i A I 35««ft**tfc#^X»«±l=. ±E 
£f^*t<&;5;£T?C o C r P t Bfr 0>5£«ttJI 
^Rlt6*ifc««E»BM*(01Bn«k««*. 01 3lc 
*^2 00|liS^**ifc^«tt***^*BlftE««(* 

[015] 2oco3S«tt^&tf3oa>3t«t141$^-rs 

«ftEftjei(t{wt5itse^*«*. m-n&m&m&m 
-r««ftE«a*icfei+*«»M«i:tt«tLr*-rH-e 

[016] 2-3comie^**tfc3iKtt®*%-rsfflSEStiB 

5. 

[018] 2 0<©^«ttJi&tf 3O<0Si«ttJB*%-r* 
fltft!Bfttttttl::£H-«PW5 0<ta*W£J|C!>*»&tf 

<kifc|gL-C*-r0-efc-&. 

[01 9] ffl3t;fcl£#SNR<&*&MJ?ft#tt£*-r0 

[02 o] «miagj«<*SitSMosiis««**-r0T- 
[021] gt&xuftaffSHMtiiiijVffciraest-rB 
[022] ^sa?sNR(DSg«c#tt**-r0-efc^. 

[02 3] aaSftJgffrSNR 'J^yjtJtirO) 

[»#<0|ftipl] 

1 Sffi 

2 SK»->-Kl 

3 NiPl 

4 S2 0V-K1 

5 TifeJf 

6 im&*mm 

7. 7- 1 3£atttH 

s, s- i im&&fi® 

9 BtttJI 

i o %mm 
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11 lil 16 fltftCfttttt 

1 3 j\oz>^7 1 7 mmmk^v k 

[Hi] [^2] 




[03] [@4] 



44.53E-04 



EMU 



-4.53E-04 



-9.56E+C3 




-1.20E+04 



1.20E+O4 



-5.0QE+O3 



Oersted 



5.00E+C3 
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CH15] 



[06] 



♦7.99E04 



EMU 
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[07] 
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[08] 



[09] 



*?X±fiN I A I WOJLICC pCrPt B*>6<t4» 
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imi o] 



[in] 



N i Pbt*l5£h,tzA I -MgaMSLtf". mmtfiO. 8 n m(DR uit 
»*^fcCoCr P t B^<E,fc£20©a«M6<A/<!y5Mj>? 





II 2] 



II 3] 



N i P*<$*£JlfeA I «*Jtlr. WCo CrPt Bg*? 
Rui1*»B^:300CoC r P t B&«t£»#»ff £*L*: 



CoCr P t B*£fc6 2 0©fiC^£*fca«1M*ratf 
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II 4] 
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11 5] 



II 7] 



2 ^fl>3Btttifi^3o©aife« £*rr * : 



re 



0.02 
0 

-0.02 
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-0.08 
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[02 O] 



[02 1] 

ara»aj*a>«ttJMrjMtfra**-rH 



52-5 



52-B 



50 



u/x 



51 



52-1 



52-2 

_JL_ 



*4£ 



52-« 
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.52-4 



[02 2] 
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[02 3] 




ai 0.2 tL3 0.4 



(72)£E# ^ffl 



F £ — A (##) 5D006 BB01 BB07 BB08 CA01 CA05 
FA00 

5D112 AA05 AA06 AA1 1 BB01 BD01 

BD03 FA04 
5E049 AA01 AA04 AA07 AA09 AC05 

BA06 
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